The paper also emphasizes that runs tests may be a useful tool for investors in their fund's selection process.
Introduction
The hedge funds industry has long been, naively, seen as being able to generate "all weather" positive returns, no matter what the market conditions were. Nevertheless, the recent …nancial crisis has cast some doubts on this opinion, leading investors to question whether this industry was signi…cantly able to over-perform the traditional management (Gupta et al., 2003) . The question of over-performances, or equivalently of the persistence of relative returns, is of key importance for investors. Indeed, assessing persistence is a milestone in the decision making process. For instance, one of the main strategies used by investors, e.g. funds of hedge funds strategy, to pick-up top hedge funds, relies on realized relative returns (versus HFR representative strategy index or traditional indices) momentum. Thus, selecting a hedge fund for its ability to signi…cantly over-perform the market during large periods may be a very useful tool.
Persistence has been studied by many authors using various method- The goal of this paper is to re-examine the questions of persistence ,and randomness of returns for a given hedge fund …rstly in absolute term and then relatively to a set of indices. For both analyses, we use the HFR data base, with a universe spanning more than 4000 hedge over the period spanning January 2000 to December 2012. Relative returns are computed using a blend of traditional and alternative indices: i) The median of the returns of funds having a common primary strategy, ii) An HFRI index computed for each primary strategy, iii) An overall index for the hedge fund market, and iv) The S&P500 index. Performances of hedge funds are thus analyzed with regard to peer groups, the whole hedge fund universe, and an external market.
To extract information about randomness and persistence, we use tests based on runs (Wald and Wolfowitz, 1940 ; Mendenhall, Schea¤er, and Wackerly, 1986; Gibbons and Chakraborti, 1992) . Runs tests are very versatile and powerful tools. Used as two-sided tests, they allow to check for randomness. Used as a one-sided test, they allow to test for randomness against a pre-speci…ed alternative: Either clustering, i.e. persistence, implying the ability for a fund to signi…cantly over (under)-perform a given market, or mixing, i.e. systematically alternating over and under performances.
Our main …ndings suggest that i) Using two-sided tests, about 80% of the studied universe has returns at random, ii) A similar outcome is obtained when relative returns are used, iii) Hedge fund strategies displaying the highest percentage of funds generating clusters are Event-Driven and Relative
Value, emphasizing the link between the strategy and the persistence, iv) For the relative returns, results deeply vary with the benchmark.
This paper is organized as follows. In Section 2, we details how our series are computed, and introduce runs-based tests. An empirical application is also presented. In Section 3, we implement the tests on the HFR database, and present results in contingency tables crossing the results on runs tests with strategies. On Section 4, we split our sample into two sub-samples, before and after the 2007 crisis, and re-run the tests. Finally Section 5 discusses our main results and concludes.
2 Runs-based tests
, be an observed track record of T observations of returns for fund i having a main strategy j, j 2 (1; 4); where j = 1 corresponds to Equity 4 Hedge, j = 2 to Event-Driven, j = 3 to Macro, and j = 4 to Relative Value. Now, de…ne fd j it g T t=1 j 2 (1; 4) as follows:
where b j it is either de…ned as:
or: 
where: r j it ; r j jt ; :::; r j lt are the returns of funds having a common main strategy j; HF RI j t is a performance index corresponding to the primary strategy j, HF RGI t is the HFRI global performance index at time t, t = 1; :::; T: SP 500 t is the S&P500 index at time t; t = 1; :::; T:; Remark 1 De…nition (2) allows us to analyze the randomness of the series, whereas de…nitions of b j it given by (3) to (6) return an information about the relative performance of the fund, i.e. the possible persistence of the returns with regard to a benchmark, indicated by large clusters of 1's or 0's. Using (3) to compute b j it returns a straightforward information about the location of the return of the fund i in the distribution of the returns of a main strategy,.i.e.
if the returns are located in the right (left) tail of the distribution during large periods of times, or is randomly distributed on the right or left tail.
Remark 2 In our opinion, the de…nition of a skilled manager should emphasize its ability to outperform its peers (representative HFRI hedge index), as well as the overall sample (HFRI Global Hedge index). Comparing performance to the overall sample attenuates the selection bias e¤ects (Databases have their own classi…cation criteria which could di¤er from one provider to another).Thus, the second and third benchmarks, (3) and (4) are used to study how a fund performs compared to its peers (funds classi…ed in the same class), whereas the fourth, (5) , is used to study the relative performance of the fund with regard to whole hedge fund sample. The last benchmark, (6) , is used as an external reference, to see if funds are able to outperform traditional market (equity in our case). Testing for randomness amounts to testing if we have either too few runs or two many runs by using a two-sided test, whereas testing for the null of randomness against the alternative of clustering i.e. persistence, amounts to using a one-sided test (focusing on the left tail of the distribution), testing for too low values of r 1 (or r).
Following Gibbons and Chakraborti (1992) , exact and approximate distributions can be used to test for the null. Concerning the former, using combinatorial, the marginal (exact) distribution function of r 1 is given by:
where
is a binomial coe¢cient.
Similarly, the (exact) distribution function of r is given by:
if r is even,
if r is odd.
Among many other, Gibbons and Chakraborti (1992) provide tabulations for small values of T 0 and T 1 , i.e. for T 0 T 1 12, such that (7) and (8) can be used to build one or two-sided tests.
For 'large' values of T 1 and T 0 , i.e. for T 0 > 12 and T 1 > 12 a normal approximation can be used. De…ne the …rst two moments of r 1 and r as:
T (T ) [2] 
Then, using a continuity correction, the corresponding Z-stats are de…ned as:
and:
Thus, for a one-sided test of clustering (r E(r) and/or r 1 E(r 1 )) one is thus to compare (13) and (14) to a standard normal deviate at . Similarly, if one suspects the series to have a tendency to mix, i.e. having too many runs, the right-tail of the standard normal must be considered and the corresponding statistics are given by:
8 and:
Two-tailed tests are a combination of the above statistics with =2 as threshold.
In this paper, for T 100, we re-tabulate (7) and (8), and build signi…cance tests on exact probabilities. For T > 100, we base our tests on the normal approximation. Note, that on simulations we performed, the normal approximation appeared to be quite accurate for T 25 (see also the three …lters we apply, in the next section).
To pick up an exemple, consider three funds (fund #1, fund #2 and fund #3), all having an Equity Hedge strategy, with relative monthly performance Obviously, the bias amplitude varies from one database to another. For example, data providers on hedge funds have their own criteria to include and exclude one fund from their databases. The more criteria come into play the higher is the bias amplitude. For illustration TASS database has a higher survivorship bias than the HFR database and a higher attrition rate, which in turn is due to di¤erent criteria for adding and removing funds. Also, the funds have selection criteria that can be very diverse, and the data provided will not be representative of the same management universe. This is referred to as "selection bias". For instance, HFR doesn't cover managed futures unlike TASS and CISDM.
HFR may be considered to su¤er the least from the biases mentioned be- Table   1 . Table 2 returns summary statistics for funds having a common primary strategy. At …rst glance, it appears that mean returns are quite insensitive to the HFR classi…cation. Indeed, the four strategies delivered close average return over the period. Di¤erentiation is notable only through moment greater than 1. All distributions are positively skewed with an unexpectedly high kurtosis for Equity Hedge. For a comparison purpose, summary statistics for the S&P500 index is also provided 4 .
Before implementing the tests, the database is …rst …ltered. In particular, The three …lters ensure a minimal number of observations, as a well a balanced number of both events, since what we search is to test for random arrangements.
Although database biases are not directly addressed in this paper, these "rules of thumb" are taken into account to limit their impacts. Also, the use of HFRI sub-strategy indices, which take account of all funds existing at one date, attenuates some biases, principally the survivorship bias.
Testing for randomness of returns
We begin by testing the randomness of the series using two-sided runs tests based on P (r) and P (r 1 ). These runs tests return a crucial information about the predictability of returns, and maybe about the (temporary) e¢ciency of the market. The benchmark is computed as the median of each series. For small samples (T 100) we use exact statistics based on (8) and (7), and for T > 100 asymptotic ones. Table 3 returns the results of runs tests. Results are twofold:
i) For about 82% of the funds, we fail to reject the null of randomness.
Thus, the vast majority of funds have returns distributed at random.
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ii) The row percents, returning the proportions of funds at random or not, within each primary strategy, show that the proportions of funds having non-random returns are highest for Event-Driven (39.15%) and
Relative Value (34.00%).
Re…ning the analysis, we also implement one-sided tests, i.e. randomness against clustering or mixing (one sided tests). We next focus on one-sided tests of randomness, when the alternative is either clustering or mixing.
Analysing relative returns 3.3.1 Relative returns with respect to peers group
We now perform the tests on relative returns calculated either with regard to peers group, using either (3) or (4), i.e. the median of returns at time t for a primary strategy, or the corresponding HFRI index, or globally using (5), i.e. the HFRI Global index. Table 5 contains the results of runs tests when the benchmark is computed, each period, as the median of the returns of the funds having the same primary strategy. 2878 funds matched the …lters described previously.
Focusing on the number of runs of success based on P (r 1 ), (7), (13) Hedge/Macro).
Relative performance with regard to the S&P500 index
Here, randomness is assessed relative to a traditional equity index, the S&P 500 index. The tested universe is composed of 3378 funds.
Results are given by Fund of hedge fund manager targeting to beat traditional markets should therefore consider a di¤erent framework in his portfolio construction process.
Macro and Equity hedge strategies require less e¤ort to select good candidate than Event driven and Relative value ones. In ii), the discrepancy between Event Driven and the rest of strategies may be due to the heterogeneity of the former. The returns spread, between sub-strategies within Event Driven, have been ampli…ed through the crisis.
Apart from Event Driven, the negative impact of the crisis resulted from the returns pro…le similarity of the underlying hedge fund after the crisis.
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Conclusion and discussion
In this paper, we have used runs based tests to test for randomness in both returns, and relative performances. Clearly, concerning the former test, more than 80% of the funds have returns distributed at random. In addidion to that, "Smart money" e¤ect consists in investing in funds that will outperform in the future. We believe that our work could provide smart investors with robust tools to assess its challenging mandate.
There is an avenue for future researches in this area. Once selected the hedge clustering, a natural development would be …nding external factors explaining persistence, thus leading to a possible forecasting of relative returns. Also, of primary importance as the manageurial skills ). The table is to be interpreted as follows: The Frequency returns the number of funds having returns at random or not within each main strategy. The Percent returns the number of funds having returns at random or not, divided by the total number of funds. The Row Percent returns the number of funds having returns at random or not, within a main strategy divided by the total number of funds in this strategy.
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The Column Percent returns the number of funds having returns at random or not in a main strategy divided by the total number of funds having returns at random or not. The table is to be interpreted as follows: The Frequency returns the number of funds clustering or mixing within each main strategy. The Percent is the number of funds clustering or mixing divided by the total number of funds. The Row Percent returns the number of funds clustering or mixing within a main strategy, divided by the total number of funds in this strategy. The Column percent returns the number of funds clustering or mixing in a main strategy divided by the total number of funds clustering or mixing. The table is to be interpreted as follows: The Row Percent returns the number of funds having clustering or mixing within a main strategy divided by the total number of funds in this strategy. The Column Percent returns the number of funds clustering or mixing divided by the total number of funds clustering or mixing
